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Abstract 
The risk of spontaneous combustion in goaf of fully mechanized coal face with big dip and hard roof is high, and gas monitoring is more 
difficult. The method of dividing spontaneous combustion “three-zone” by temperature rise and CO concentration in goaf was presented 
in this paper. Tubes and temperature probes were buried in goaf at NO.7162 fully mechanized coal face in Longdong Coal Mine to 
monitor the temperature and gas concentration in goaf. The regularity of temperature and gas concentration changing with the advancing 
face was analyzed. According to the change of temperature and CO concentration in goaf, the range of spontaneous combustion “three-
zone” was determined and verified by oxygen concentration. The method of dividing “three-zone” by temperature rise and CO 
concentration is simple, accurate and reliable, and provides scientific basis for spontaneous combustion prevention in goaf. 
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1. Introduction 
Technique of fully mechanized top-coal caving mining is widely used in coal mining because of the advantages of high-
intensity mining, high efficiency and good economic benefits. However, as the great caving height, much remaining and 
uneven distribution of residual coal in goaf brings about the increasing risk of spontaneous combustion in goaf [1].The risk 
gets higher especially in goaf of fully mechanized coal face with big dip and hard roof. The main reasons are as follows, it is 
difficult for the technology of fully mechanized coal face and it is much easier to cause slow advance of the working face' 
speed as well as in mining stopped, which results in a long time of residual coal oxidation in goaf, increasing of the amount 
of air leakage, easily broken coal pillars and less dense of caving filling in goaf. 
Dividing spontaneous combustion “three-zone” accurately and rationally can enhance the pertinence of fire extinguishing 
measures, prevent the spontaneous combustion accidents effectively and ensure the safety for production [2].There are 3 
main methods to divide spontaneous combustion “three-zone” in goaf, air leakage speed, oxygen concentration and 
temperature, in which the oxygen concentration is the most widely used and the most efficient method at present [3]. It is 
complicated to monitor the oxygen concentration in goaf and there are some correlations between the coal factors of 
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spontaneous combustion [4]. The method of dividing spontaneous combustion “three-zone” by temperature and CO 
concentration in goaf is presented in this paper. 
Tubes and temperature probes were buried in goaf of NO.7162 fully mechanized coal face in Longdong Coal Mine to 
monitor the temperature and gas concentration of CO, O2, CH4 in goaf and to analyze the regularity of temperature and gas 
concentration changing with the advancing face. According to the change of temperature and CO concentration in goaf, the 
range of spontaneous combustion “three-zone” was determined and verified by oxygen concentration. Applied results show 
that the method of dividing “three-zone” by temperature rise and CO concentration is simple, accurate and reliable. 
2. Overview of the coal face 
NO.7162 face in Longdong Coal Mine coal has enjoys the capacity of 576,200 tons coal and the length of coal face is 
135.5 m. Meanwhile, it owns 5.2-6.95 m thickness of coal seam, within a 5.4 m average thickness. And the coal seam dip 
angle is from 22° to 31°, with a 25° average dip angle. Light mechanized long-wall mining is used in top-coal caving 
mining, which causes all caving full-seam mining, low recovery rate and more residual coal in goaf. Under the complicated 
geological conditions, a small amount of water is sprayed and dripped in the cracks concentrated development zones when 
tunnels are in construction. The maximum inflow is expected to be 20 m3/h and normal inflow is 3 m3/h. 
The coal seam is high spontaneous combustion tendency seam, with explosion hazard and low gas rank. NO.7162 face 
belongs to the coal face with big dip and hard roof, which increases the risk of spontaneous combustion. In order to grasp 
the range and changing conditions of spontaneous combustion “three-zone” in goaf, and to provide science instructions of 
spontaneous combustion prevention for NO.7162 face or other similar coal faces, spontaneous combustion “three-zone” in 
goaf should be divided reasonably and accurately. 
3. Temperature monitoring and gas sampling in goaf  
Tubes and temperature probes were buried in goaf at NO.7162 fully mechanized coal face in Longdong Coal Mine to 
monitor the temperature and to analyze the gas sampling. To determine NO.7162 face in goaf on the whole 
comprehensively and effectively, 5 observation points were arranged along the working face, as shown in Figure 1. 3-inch 
of steel pipe used as external protection to prevent the tubes which inner diameter is 8mm from destroying by falling rocks, 
and thermocouple were also arranged inside the steel tubes. To start monitor the temperature and sample the gas after the 
advance of working face as well as the collapse of mine goaf. Temperature was monitored every 2 or 3d and high-pressure 
pump was used to extract gas samples. The gas samples were sent to Datun Energy Company laboratory for gas 
chromatography analysis to obtain the gas concentrations of CO, O2, CO2 and CH4.  
 
 
 
Fig.1. The layout of observation points in goaf 
 
4. Analysis of the changing regularity of temperature and gas in goaf 
4.1. Analysis of temperature in goaf 
The results of temperature monitoring in goaf of NO.7162 fully mechanized coal face is shown in Table 1. As can be 
seen from Table 1, the temperature of residual coal which is 25-35m away from the working face rises very slowly, that 
means loose-deposit roof rocks, more and larger coal pores, and large air leakage intensity. Hence the residual coal will not 
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ignite. The temperature of residual coal which is 35-110 m away from the working face rises significantly, that shows the 
roof rocks falling in compaction, less coal pore and air leakage intensity. The heat oxidation of residual coal occurs along 
with time which may lead to spontaneous combustion. The temperature of residual coal which is 110 m far away from the 
working face decreases slowly and returns to normal owing to the disappearing heat oxidation.  
4.2. Analysis of CO concentration in goaf  
The values of CO concentration in goaf of NO.7162 fully mechanized coal face is shown in Table 2. As can be seen from 
Table 2, when the sampling points are 26-35 m away from the working face, CO concentration increases rapidly, which 
means the residual coal begins to be oxidized. The concentration of CO elevates in accordance with the increase of the 
distance ranges from 26 to 35 m. After reaching to a peak, it then begins to decline, showing the variation of the quadratic 
parabola function. In this region, air leak, oxygen status and thermal storage environment are the most conducive factors to 
the spontaneous combustion of residual coal. CO concentration tends to be steady when 110 m away from the working face. 
Table1. Measured values of temperature                                                                      Table 2. Values of CO concentration in goaf 
Distance from 
working face/m 
Temperature/ć 
1# 2# 3# 4# 5# 
5 29.2 29.5 29.3 29.6 30.3 
11 30.1 30.1 30.2 30.7 31.1 
17 31.6 31.4 31.2 31.7 31.6 
26 35.2 33.4 34.5 33.8 35.2 
34 37.8 37.5 37.7 36.9 38.6 
44 41.2 41.5 41.8 41.3 42.3 
59 46.7 47.5 47.2 47.2 47 
70 49.7 50.8 51.9 51.2 51.5 
87 55.4 55.3 56.4 56.5 53 
104 54.2 59.7 60.3 59.6 50.1 
110 53.3 58.5 62.4 58.2 49.2 
124 51.6 55.5 58 55.9 47.5 
143 47.1 50.3 50.6 50.3 45.1 
Distance from 
working face/m 
CO concentration /10-6 
1# 2# 3# 4# 5# 
5 3 8 7 11 20 
11 3 13 4 6 21 
17 8 25 12 12 27 
26 22 29 16 13 56 
34 35 22 28 32 72 
44 68 58 69 73 87 
59 73 78 87 86 98 
70 72 76 83 85 104 
87 62 88 96 92 85 
104 28 58 80 77 52 
110 21 36 78 58 64 
124 13 18 42 35 60 
143 9 15 26 34 55 
4.3. Analysis of O2 concentration in goaf  
The values of O2 concentration in goaf of NO.7162 fully mechanized coal face is shown in Table 3. 
Table 3.Values of O2 concentration 
Distance from 
working face/m 
O2 concentration /% 
1# 2# 3# 4# 5# 
20.13 20.15 20.17 20.16 20.14 
11 19.46 19.78 20.02 20.05 19.65 
17 19.12 20.15 19.17 19.46 18.67 
26 18.13 18.65 18.68 18.67 17.87 
34 17.86 17.91 17.88 18.04 17.55 
44 17.34 17.54 17.24 17.22 17.04 
59 16.21 17.45 16.79 16.21 15.77 
70 14.39 15.03 15.87 14.45 12.27 
87 11.05 11.26 11.28 11.03 10.14 
104 9.72 10.02 10.21 10.01 9.62 
110 9.67 9.81 9.87 9.67 8.78 
124 9.12 9.32 9.45 8.79 8.59 
143 7.86 7.66 8.13 6.89 6.63 
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As is shown in Table 3, oxygen concentration decreases with increasing distance away from the working face, and the 
central oxygen concentration is slightly above both ends of the oxygen concentration within the same distance from the 
working face. Due to the hard roof, when the roof collapses, there is too much air leakage in goaf because of the bad roof 
compaction. O2 concentration reduces rapidly when advancing to 20-35 m away from the working face. O2 concentration 
changes greatly ranges from 35m to 110m, the same range as the temperature. When the observation points are more than 
110m away from the working face, O2 concentration will drop below 10% (a suffocation level) without any impacts change 
from outside of the ventilation system. 
4.4. Analysis of the changing regularity of temperature and gas in goaf  
   To grasp the regularity of temperature and gas concentration in goaf, MATLAB is used to draw the three-dimensional 
pictures of the temperature and gas concentration [5]. Three-dimensional distribution of CO concentration in goaf of 
NO.7162 fully mechanized coal face is shown in Figure 2. 
 
 
Fig.2. Three-dimensional distribution of CO concentration in goaf 
 
5. Division of spontaneous combustion “three-zone” in goaf 
5.1. Division of spontaneous combustion “three-zone” by temperature rise and CO concentration 
Regularity of the temperature and CO concentration is observed through the analysis of the temperature and gas in goaf, 
and CO is an indicator gas of spontaneous combustion in NO.7162 working face, moreover, temperature is also a 
spontaneous combustion characteristic [6]. Therefore, the method of dividing spontaneous combustion “three-zone” by 
temperature and CO concentration in goaf is presented in this paper. 
The width of “three-zone” is determined through analyzing the temperature rise and CO concentration point by point. 
Take 1# observation point for example, through analyzing the temperature rise and CO concentration, the corresponding 
scatter graph is shown in Figure 3. 
It can be seen from Figure 3 that the temperature rise is less than 1 o&/d ranges from 0 m to 26 m away from working face, 
so the boundary between “oxidation-zone’ and “suffocation-zone” is approximate 94 m. There are four points of 
temperature rise over 1 o& /d ranges from 26 m to 94 m. CO concentration changes slowly and the value is lower ranges 
from 0 m to 26 m away from working face seen from the line graph of CO concentration. CO concentration begins to 
increase rapidly and the highest concentration reaches 80×10-6 26 m away from the working face. CO concentration begins 
to decrease about 100 m away from the working face and finally stabilized at about 13×10-6. According to the results of the 
analysis, the width of 1# observation point of “three-zone” is as follows: the width of “cooling-zone” ranges from 0 m to 26 
m away from the working face, the width of "oxidation -zone" ranges from 26 m to 94 m, and the “suffocation-zone” is in 
the range over 94 m. 
Widths of other four observation points of “three-zone” can be obtained using this analysis method. Ranges of 
spontaneous combustion “three-zone” in goaf of NO.7162 fully mechanized coal face can be obtained combining the 
analyzing results of 1-5# observation points as shown in Table 4. 
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Table4. Ranges of spontaneous combustion “three-zone” in goaf 
Observation  point Cooling-zone/m Oxidation-zone/m Suffocation-zone/m 
1# ˘26 26~94 ˚94 
2# ˘30 30~104 ˚104 
3# ˘26 26~110 ˚110 
4# ˘35 35~104 ˚104 
5# ˘20 20~77 ˚77 
 
5.2. Division of spontaneous combustion “three-zone” verified by O2 concentration 
O2 concentration is used to verify the accuracy of the spontaneous combustion “three-zone” which is divided by the 
temperature rise and CO concentration in goaf. According to the standard of O2 concentration, the spontaneous combustion 
“three-zone” is divided as follows: “cooling-zone” is defined when the oxygen concentration is over 18%, "oxidation-zone" 
is from 10% to 18%, and “suffocation-zone” is less than 10%.  
Contour graph of spontaneous combustion “three-zone” divided by O2 concentration by MATLAB is shown in Figure 4. 
 
                    
      Fig.3. Scatter graph of temperature rise and CO concentration                               Fig.4. Contour graph of “three-zone” divided by O2 concentration 
 
Range of spontaneous combustion “three-zone” divided by O2 concentration is approximately the same as the 
temperature rise and CO concentration through contrastive analysis, it shows that the method of dividing spontaneous 
combustion “three-zone” by temperature rise and CO concentration in goaf is accurate, reliable and simple.  
The wide width of "oxidation -zone" of NO.7162 fully mechanized coal face relates to the geological conditions. Hard 
limestone and difficult caving roof causes big rocks which leads to large air leakage in goaf. Moreover, the width of each 
observation point of “three-zone” is certain difference, the width of 3# of “cooling-zone” is 21m wider than the 5#’s 
because of the asymmetry caving, which forming vacant area in the local region. 
6. Conclusions 
x According to the data monitored in goaf, the regularity of temperature and gas concentration is obtained. Three-
dimensional distribution pictures of gas concentration are generated by MATLAB, which grasping the spatial 
distribution of gas concentrations with direct viewing in goaf. 
x According to the common division methods of spontaneous combustion “three-zone”, the method of dividing 
spontaneous combustion “three-zone” in goaf of fully mechanized coal face with big dip and hard roof by temperature 
rise and CO concentration is presented. Range of spontaneous combustion “three-zone” in goaf of NO.7162 fully 
mechanized coal face is as follows: the width of “cooling-zone” ranges from 0m to 35 m away from the working face, 
the width of "oxidation -zone" ranges from 35 m to 110 m, and the “suffocation-zone” is in the range over 110 m. Ranges 
of spontaneous combustion “three-zone” of intake airway, middle area and return airway are different, a wide range of 
the “oxidation-zone” occurs in the middle area of goaf. 
x O2 concentration is used to verify the accuracy of the spontaneous combustion “three-zone” divided by the temperature 
rise and CO concentration, and the method is simple and reliable which provides scientific basis for spontaneous 
combustion prevention of mining under complicated geological conditions. 
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